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G In 1660, 261 years ago, in zn essay on the usefuiness of natursl hisgtory,
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nobert Boyle, the English philosopher and scientist, who, in eddition to his con-

tributions to physics, studied the chemisiry of combustion snd respiration, wrote them
' :
?

'proﬁhetic words - "He, th“u thoroughly understends the nature of ferments and

Termwentctions, shall probably bs much better akle than he, that ignores them, to give

o

& fair account of divers phaenomena of several diseases (as well fevers as- others)

which will perhaps be never thoroughly understcod, without an insight into the

doctrine of fe:mentatlon@" Almost two centuries elapsed before Boyle's prophecy

L /Lr/
wag fulfilled and its implications realized by the studies of Peacteur (185?/ on =

microbiQal fermentation. With 211 the

kis name is associated especially with - fovndstien)of chemistry ec - ceparate science.

~ ®

He was primaril; a chemist; o too wus Pectew. Furtherm ore, both men bc zdopted

¢ physiological atiitude of wind in their experimental work. Indeed, _oyle is said

[ ..‘".'
actually to have carried wg experincii: on ._yiiclogy - a field, he.. or, in which

kils blographers tell us he was hampercd by "the tenderness of his nat @"¢ 2 his

consequent dislike of enatomical dissection. Pasteur, a chemist by triiniv:, realized

11 well the shysiological implications of his studies in ferumente
insisted that the chemical activities of mieroorganisme were but the exprecsion of

ohysiclogical processes adapted to promote some vital need or purpose. It wee
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through no foriuitous circumstance or mere accident then, that microbiciogy from i
very inception became intimately linked with chemistry, physiology and medicine
As Boyle foresaw, it was the ingight intc the nature of fermentation that
enabled Pasteur to give a.fair account of several disezces; that such diverse
Cll
diseases as those of swkworms, chicken cholera and rabies in man end animals are due
to living infectious agents as specific in behavior as the microbizl azgents of

fermentation are selective in the type of chemical change they induce.

It is wol my purpose to review the historical developments of bacteriology

or the rapid succession of discoveries that followed the announcement of the

doctrine of fermentation and the germ theory Bf disease — with these you are all

fenilisr. Nor shall I dwell upon the brillient achievements of itks pioneers of /h
bacteriology whose'explorations in the field of infection and immunity kexe disclosed
the basic principles thet underlie modern eadvences in the medical, agricultural and
soil sciences. But I cammot refrain from reiterating and again emphzsizirg the inter-
dependence and common interests of these specizlized fields; the reciprocal bgng?iﬁs

end mutual enrichments that have accrued from ksl early and increasingly fruitful)

union of microbiology with chemistry, vhysioZogy end rmedicine.

a
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(The merelt—isnot—far—to Tteek="and its wpplicntion 46 our own Socicty is
perkapsot—too-Tendte )3 Our membership, constantly growing in nurbers, comprices
groups of individuals highly speciallzed end primarily interested in one or arnother

of the several fields of bacteriology . There is a natwral preoccupation with the

‘ /’: e Lot
subject matter of one's own field; a tendency)parhaps kxx less justified to regard
. » J

;

his own corner of knowledge s the source and directié% of 211 biological thought. Now

I a2m not indicting ?pé micrcuiclogists alone and certainly ot any paerticular group

the
within our organization. In proof of Iikx fact that such tendencise are common to all

sciences may I xexdx recall the words of the president of one of the great foundations

which distributes flunds for scientific research - "Choose off the shelves a group of

learned treatises and sample the prefaces : llethematics:~ it is the queen of sciences;
gt

Physics: - it is the source of the basic lawe for the behavior of all matter; &hem-

——

istry;- « recent text says, 'Chemistry touches all human interests. 1t is the

central science; Biology.'- it assaulis the greatest mystery of all the mystery of

~

life; Asipcromyr- it has the cosmos wid eberniiy for its neroic thene; Philosophy * -~
S t——— wie

n examination of the uliimate questions which give life meaning " And so-one -
e s e ;

could expand the list, with brave and startling claims for the centrol cheracter and -

T
- 17 13

6]

basic importans. of one field, ons cpsciality, one segment of knowicize a

Bl
& =Y -

ter anothnsr®
,

paseS2,

It is perhaps just as well thzt there was no copy of a learned trestise on
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microbiology on his bock shel’ or he might have added; jilcroblology:- it assaults ths
< !
- ] .
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graciously says in explanation of these seemingly contradictory and exaggerated claims
that "they arise partly because of the egocentric character of man, but they are also

due to wholly selfless enthusiasms, to the concentration to which specialized com-

" Xkﬁ T, ) .1,1 s I _g/
pete*xce naturally ]_ead// Y’yinl ‘\flivu ;LM f/ s H/'u j 7/.4«4 [Tj( wy I ‘ /u,h'-io.vﬂ' A f‘

- . _-~ -

e T o méry v
’YZJz By way of illustratio%'may I cite one or two eof=Fho=wway examples of theAwajs

.

in which microorganisms serve as highly sensitive reagents for UALFﬂJZJlth%///aany

inportant blochericsl problems in bacteriaié;h“**f*inaal and animal pnysiology andlhtﬁzﬁun

- 42 ((‘
. Knowledge of specificAaxacting reguirments of variocus spscies of -

/"""’-‘”:V‘ Q(\A. [/‘{’ (’} ',,(,:

microorganisms for vitanmines "and hiccatalrsts, wittch ‘a\\‘orm the prothetic

/

-

groups of vital enzyme systems nss lead to development of biolozical methods of

increasing preclsion for determination of the-pwesense—ef these essential substances

o : V4
et amend 6;/

s 41

in animal blood and tissues. £ the complete identity of

biotin, cosnzyme Ryand vitaaln H wa

-
.
':'—\

ﬂq

i
time consuning and espensive mathcd of rat assay il haatca¢ enu;qj couid be more

readily and accurately deltermined by microviological tests with rhizobium ond yeast

albunin of ke substance avidig}?ﬂuﬁkfi
A

cells. The identificetion and isolaition ;"OL £

jogsy
[=3=}

responsible for the so called egg while 4iers e of animals was likewisce gooutly aided by
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/’ﬂil) The isolstion from soil becilli of enzymes capable of specilfically zaitsck

e e ST T e

e e . e

4 Study of the behavior of microorganisms has greatly aided in ths formulation

of swe principles that have given new thought and dirsction to biochemical invesiigatiion,

Anzlyses of certain processes involved in the metabolism of unicellular microorganisas
v f/ R I :
Mﬁ 1 ,i:/

have meterially helped clucidaty mapmy of—she problems relating to animal and plant
A .

R,
i

"‘f

e -
\f/> }l;‘. ey } aJ—ﬂwlib:;)'ﬁw‘d(f,.;,,?}wﬁ s
shysiology, the part blocatalysts have in the chemical events and transformztions in living

A

tissue cells, Thus/from these ﬁi@o fields there is s=w accumulating a significant

4y,

, ] .
end integrated jsd,, of facts which together constitute what is referred to as "comparative

vl §1/ y

o - . < . . \ . - ~ /B ~ e . .
blochemistry™. This is ff@ther eviaence of ihe growﬁlng recogniivion of the SlMll&rltZ

evenzoerhans/ggg unity),of meny of ithe princicles thet govern the celluisr Suncitions
\.\.\ iy i l< J & Py E)

- -

and chemical activities of diverse living

from the niraculous microbe$ to man himsel!

e e

creatinine has provided biologiczlly specific technigues that have proved useful in the 4

of humen metabolism. Much of the knowledge concerning the intermediate metabolism
L] ‘ N
L

(ot
; , LIves . o s
been dewiwssd from study of similar snzyms s

erbohydrate in man has

(!

Witz 211 due reverence for the sanciiity of Holy Scripi I think I still RIEEECE

intsat of thei proverb of Soloman in waich he councils the sluzgard to learn diligznece

Ouserving Uhe, when T say to you 7 3robiolo 4« .
- —-Oc.s-utp, To the Ohysiolosis~

S U
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as well=fGo to the microbe, thou scientist, consider its ways znd be wisec.

During the latter hal® of the i9th century 1t was established thxt plants utilize
CO_ for the syn@hesis of their cell materials, finding the energy required in photo-
chemiczl reactions catalyzed by chloropnyl. Animal cells on the other hand, were known

To require complex organic carbon for the building up of their protopdasm, as well &s for

&ll their other biochemical reactions. Toward the end of the last century (1887) it was

.

showm thaﬁ’llne plantf/certa-a bacteria (the QNJOfTE" ‘group) can utilize carbon

dioxide for their synthetic processes finding their energy in the oxidation of simple
inorganic compounds. On the contrary, like animal cells, heterotrophic bacteria wers

believed to utilize only organic carbon. Within the past & years)h mevev it has been rec-

» > . . - . /-\ : - - -
ognized that certain heterotrophic bacteria can in corporate carbon dioxide into more

al

complex organic compounds; for examplcforming succinic acid during the fermentation of
glycerol in the presence of carbon dioxide. Furthermore it hes only raecenvly been found

that the animal organism has o a énﬁrféé but definite dggree the povwer ito synthesize

organic compounds from CO, - a power long supposed to be a peculiar prarogative of ...

chloropnyl bearing plants. Inve'ti;atcéa have injected bicarbonate ccntaining. radio ac

from theldliverg have recovered glycogen containing the isotops

-
s

tive C into animzls an

-
= '

. hos

h
carbon. Morsover it has also bsen showm Thxt in v1tro that by the use of 1gotonh G§§§§§
~ P¥
Voo . RVOD LLoBue Irom ‘Jlgeonb' can cauue CO2 IRk

. ait
Lo enter into organic combuiilon “o forn
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The, recognition of the utilizution ol carton diouide

I\

Ly heterotrophic bacterié)and the recent subseguent finding of the participation of €02

Ped

.o Wid fr S
ketoglutugic @geid and amino acid.

(=S 5

in the carbohydrate cycle in animals indicat % that the phenomenon iz probahly of universs
occurrence. When taken together these interlocking facts constitute a new and striking

example of the LEechemical unity o” life.

* )
)
G

; A Lo e )
J:u.*# N ﬁ/W" 4 [L”m { - vuL ia it gu/) Fiw A % ad i Cracatir 2,2 ’h--‘!),fé/ “ Mg ——

3
//’ Vhe strauebj m arfare against infectious agents of disease lies no% alone in
ailscovery of ways and meﬁad of fortifying the natural and specific defenses of the hosi,

[//
important as these are, , but in e concerted sffort aem fhe.pext of micrsbiclogiwts to lear

the vulnerable points of attack in the structusal and cellular mechanisms by which these

hostile agenis invade and overcome the living tissues of men, animals and piants,

~

The importance of pﬁg/normal and immune reactlons of the host I value not less in emphszsizin

more on this occasion the significance of gaining deeper insight into the mode of life,

e : \ it d 0}’//7?*’! et

AV aggression weapons and F[@dggﬁrﬁ/ whip of pﬂ+?ﬂgﬂ“”€ agenvs. In the light &f present
. v y i
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In a recent report by of the R

' 7 Vs o
Reymond B. Fosdick in speaking of Science and the Moral Order ex pr sses in E;:jﬁ B

-

‘

jeighted words the spirit of man's search for truth:

. //J . mo. biv 72_197 54

' AC. NO.
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PIn ppite of ﬁQ; claims and accomplishments''Br—Tesdiexw—saFat Bclence is today under

sharp attacks The growing public realization that its powerful tools can be used for
%
man's enslavement and destruction has giv )ﬁise to bitter ouestlions and cherzes; and

tad o )
we thed today of Acivilization betray:i by sciencet and off4é degraded science that
J gr

shirks the spiritusl issues and hyprnotizes its victims with its millions of gadgets)
/KIn this hour of intellectual confusion and morel cheos the social conseguences of
sciencg he continuei have been brought to the fore and the question is persistently

asked: Are these consequences so important, begause of technical applications, that

the social interest is paramount over intellechunl interest? Aye therT too many

| /
. 2 ] i

hﬂve not yeti echieved? Are bigger telescopes and cyclotrons(: ]oie vowefful elaciron
!

!

4
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nations and ?oo many people overywhere using the instruments of a civilization they
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mléroscopesfana ultracen tmli ges) needed ip a world like this?

"The question arises, Mr Fosdick points out, because science as a technigue

for geining - ‘erstanding of nature is also & technique for gé&ining control over %
W D )
neture - that is, it is a technigue for gaining rpower, @hﬂ—pnmév~~~""“~"W'”“~:
r' o . T 4 oL et (l . , \ r. ] . ;
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canbe used by evil men to do evil even more obfiocusly and drumatically than if

used by men of good will to do good" Mo, o 72~ 197 dfi

Al NG
"But this, he points out, is true of many things in 1ife - The sulphonzmide

[ &]

one of The most beneficient developments of modern medical science came from the German
dye indu;nry{, but so did mustard gas:~ and he might have aaded the Mendelian principles
of hereditly came from the monastery, but so did gun powder. As he remarks "Ixectly the

same principles of physics are employed to voint a 500 ton telescope at a star and
| ’ |

n,,(/l, '
a 15 inch maxxX gun at its target. Lanzucge Loo is a powerful tool which can be

used to mirror spiritual insight or to spread false and destructive propaganda.

%
The possibility of misuse is not an argument for no use at all. The uharge%
r/ .
S “ia i/
that scientists disavew concern with socizl conseguences arises from 7ag narrow view
\

. Uy . U ’ /s R ( > 7 ‘
of science.  For scisnce as he says 1s more than the techng!s ¢/

that cluster about it - more than its inventions and gadgets. It is even more than

- : N / " . .
the discovery and correlation of new facts. Science, sald he, is method, & confidence

and a faith. It is a method of controlled and rechecked observations and experiments,
objectively recorded with absolute honesty. It is a confidence that truth is dis-

D)

a faitn that truth is worith discovering.m

H
ct
[ N
|6}

coverable.

ith the philos i cuments of whether pure
I am not here concerned with the ohilogophical argumencs OL Wwne P

. o . . o
i rily a mowral forcs aemily microbiology needs no defens
seience iz or 1s not ncecssarily a moral 1orce. Haopily mi vy |
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of its intellectual aims or its social ends. They haye never besn accused of
"irresponsible indifference to social consequences. They have undeniably and always

- - l\\
been in the service of human welfare. *ﬂf-fmv-

But I am now concerned with our moral obligations;i In this hour of national

?/ /f’{;ﬂ"é\
perig when our own country - so swiftly and treacherously attacked - has been Fereed

¢

into the most cruel and infamous war in history, we #ndividually have loyally pledged

our services in defensc of country, liberty and civilization. This is our dut;
? /

A .
i ,
/2

' ¢ {L
which each will discharge to &he limit of his ability and strength, ¥ national

e

obligation. In these days when the threat of an intelleciual black-out abroad has

N

alrsady darkened laboratories and universities hitherto beacons of knowledge,. when
by’the mad spirit of concuest scientists in vanquished countries have been exiled and
scholarship enslaved by political ideology, we, =s members of this scientific organiza-
tion have another duty - an obligation to international science: Vie mi need be

gravely concerned sbout the future of science and its share in the world order that

is yet to be.
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Orly 3 months ago a group of distinguished secientists, sever:iffrgm

;fz,x('{}?"mm{ ‘f i MG
i I ) . . . . - N - s
o ov.orsewrs, met in war distracted London to consider the internatlonal relations of

] /\

seience and its part in world planning afier {the war.
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